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(57) ABSTRACT 

In each pixel of a display element, a memory circuit is made 
up of tWo complementary inverters Which are connected to 
each other in a loop manner, and stores Whether or not to 
light an Organic Emission Diode, according to a potential 
Which is given via a select circuit in a select period. An 
output end of one of the inverters is directly connected to an 
anode of the Organic Light Emission Diode, and both TFTs 
of the inverter drive the Organic Light Emission Diode. 
Thus, even though dispersion in manufacturing occurs, it is 
possible to light/unlight the Organic Light Emission Diode 
at the same luminance level. As a result, even though 
dispersion occurs in characteristics of elements Which make 
up a pixel, it is possible to realiZe a memory-integrated 
display element Which can light the optical modulation 
element at the same luminance level. 

38 Claims, 16 Drawing Sheets 
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FIG. 20 PRIOR ART 
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FIG. 21 PRIOR ART 
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MEMORY-INTEGRATED DISPLAY 
ELEMENT 

FIELD OF THE INVENTION 

The present invention relates to a memory-integrated 
display element in Which a memory element is provided in 
each pixel. 

BACKGROUND OF THE INVENTION 

In a ?at-type display device, there has been Wide use of 
an active matrix type display device, in Which a self lumi 
nous element such as an OLED (Organic Light Emission 
Diode), or a liquid crystal element is used as an optical 
modulation element, and a TFT (Thin Film Transistor) gate 
for addressing is provided on each pixel. 

Here, in the active matrix type display device, a plurality 
of data lines and a plurality of select lines Which cross 
respective data lines at right angles, are provided, and pixels 
are provided on respective crossing points of the data lines 
and the select lines. When a case of using the OLED as the 
optical modulation element is used as an example, as shoWn 
in FIG. 18, a select module 113 is conducted only in a select 
period in Which a select line 103 is outputting a select signal 
SEL of a select level, and the select module 113 connects a 
data line 102 to a drive module 111 Which drives the OLED 
112. 

While, in the drive module 111, a TFT 121 is provided 
betWeen a poWer line Lr, to Which a reference potential Vref 
is applied, and the OLED 112. A capacitor 122, Which 
functions as a memory element, is connected to a gate of the 
TFT 121, and stores a data signal DATA in a select period, 
and the data signal DATA is applied to the gate of the TFT 
121 also in a non-select period. Note that, like a pixel 104a 
shoWn in FIG. 19, the OLED 112 may be provided betWeen 
the TFT 121 and the poWer line Lr. 

HoWever, in each of the pixels 104 (104a), since the data 
signal DATA is stored as the analog quantity, as shoWn in 
FIG. 20, a signal level of the data signal DATA, applied in 
the select period, declines gradually in the non-select period, 
due to a leak current in a circuit, and the like. 

Thus, it is required that select periods are set cyclically, 
and a time changing rate of a potential, stored by the 
capacitor 122, is adjusted to such extent that the potential 
declining quantity in the cycle of the select period does not 
in?uence the display, for example, by setting a capacitance 
of the capacitor 122, and the like. Further, the capacitance, 
required by the capacitor 122, is determined in accordance 
With a display gradation number, but a capacitance, Which 
can be formed in each (104a) of the pixels 104, is restricted, 
so that a gradation number, Which can be displayed, or a 
cycle of the select periods is restricted. 

Thus, Japanese Unexamined Patent Publication No. 
161564/1998 (Tokukaihei 10-161564) (publication date: 
Jun. 19, 1998) proposes a display device, having a structure 
in Which a voltage drive type EL element is used as an 
optical modulation element, Wherein a gate insulating ?lm 
of the TFT 121 is formed by using a nitriding silicon ?lm in 
Which an impurity ion is doped, so as to give an EEPROM 
function to the TFT 121 instead of providing the capacitor 
122. Further, Patent GaZette No. 2775040 (registration date: 
May 1, 1998) discloses an optical modulation element, 
having a structure in Which a voltage drive type liquid 
crystal is used, Wherein a ferroelectric capacitor stores a data 
signal DATA. According to the structures, unlike the struc 
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2 
tures shoWn in FIG. 18 and FIG. 19, a decline of a potential 
level is restricted, so that it is possible to store the data signal 
DATA for a long time. 

Further, as another structure Which is different from the 
structure in Which the data signal DATA is stored as the 
foregoing analog quantity, for example, Japanese Unexam 
ined Patent Publication No. 194205/ 1996 (Tokukaihei 
8-194205) (publication date: Jul. 30, 1996) and Japanese 
Unexamined Patent Publication No. 119698/1999 
(Tokukaihei 11-119698)(publication date: Apr. 30, 1999) 
propose a structure in Which, like the pixel 104b shoWn in 
FIG. 21, a memory element 123, provided instead of the 
capacitor 122, stores a binary of light/light-off of an optical 
modulation element, and a gradation display is performed in 
accordance With an area modulation. According to the 
structure, since the binary is stored, it is possible to store the 
data signal DATA for a long time, compared With a case of 
storing as the analog quantity. 

SUMMARY OF THE INVENTION 

The object of the present invention is to realiZe a memory 
integrated display element Which can light an optical modu 
lation element at a constant luminance level even though 
dispersion occurs in elements Which make up a pixel. 

In order to achieve the foregoing object, a memory 
integrated display element of the present invention, Which 
includes: an optical modulation element provided in a pixel; 
and a memory element, provided in the pixel, Which stores 
binary data Which indicates a value inputted to the optical 
modulation element, Wherein the memory element is 
arranged by connecting at least tWo inverters in a loop 
manner, and an output of an output inverter, one of the 
inverters (11a or 11b), Which functions as an output end of 
the memory element, is directly connected to one end of the 
optical modulation element. 

According to the foregoing structure, since the output 
inverter of the memory element drives the optical modula 
tion element, compared With a prior art in Which the memory 
element is connected to the optical modulation element via 
a drive sWitching element, it is possible to reduce the 
number of sWitching elements due to elimination of the 
drive sWitching element, Without bringing about any trouble 
in driving the optical modulation element. 

Further, since the drive sWitching element does not exist 
betWeen the memory element and the optical modulation 
element, it is possible to obtain the folloWing advantage. 
Even though the dispersion brought about in manufacturing 
occurs, variation of the luminance level of the optical 
modulation element, Which is brought about by variation of 
a characteristic of the drive sWitching element, does not 
occur. Thus, the optical modulation element can be lighted 
at a constant luminance level. 

Note that, according to a structure of the prior art, in a case 
Where dispersion occurs in a threshold value characteristic 
of the drive sWitching element (TFT 121), Which drives the 
optical modulation element, due to the dispersion brought 
about in manufacturing at a time When many pixels are 
formed, there occurs such a problem that luminance, Which 
should be uniform, becomes hetereogeneous to a large 
extent. 

Particularly, since an LED (Light Emission Diode), Which 
functions as a current drive type optical modulation element, 
has a luminous characteristic based on an exponential func 
tion of an applied voltage, a current applied into the LED 
varies greatly When the dispersion occurs in the threshold 
value characteristic. Thus, compared With a voltage drive 
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type liquid crystal element etc., the dispersion occurs in the 
luminance to a large extent. 

On the other hand, in the present invention, since an 
output of the output inverter, Which functions as an output 
end of the memory element, is directly connected to one end 
of the optical modulation element, variation of the lumi 
nance level of the optical modulation element, Which is 
brought about by variation of a characteristic of the drive 
sWitching element, does not occur, even though the disper 
sion occurs in manufacturing, so that it is possible to light 
the optical modulation element at a constant luminance 
level. 

Further, in the memory-integrated display element 
according to the present invention, the output inverter may 
be a complementary inverter such as a CMOS 

(Complementary MOS). 
According to the structure, in a case Where the memory 

element stores binary data such as light/light-off, one of the 
sWitching elements that make up the complementary 
inverter (for example, the combination of a p type transistor 
and an n type transistor), is conducted. Thus, even though 
the electric charge is stored in the optical modulation ele 
ment in a certain display state, the left electric charge is 
emitted quickly via the conducted sWitching element, and 
the optical modulation element can shift to the next display 
state quickly. Thus, it is possible to restrict occurrence of a 
display error, or the burning and the deterioration of the 
optical modulation element. 

Further, in addition to the structure in Which the comple 
mentary inverter is provided as the output inverter, the 
memory-integrated display element according to the present 
invention may be arranged as folloWs. The complementary 
inverter includes: a p type transistor connected to a ?rst 
poWer line; and an n type transistor connected to a second 
poWer line, and an anode of the optical modulation element 
is connected to an output end of the output inverter, and a 
cathode of the optical modulation element is connected to 
the second poWer line, and When a ratio of an OFF resistance 
value of the n type transistor With respect to an ON resis 
tance value of the p type transistor is K, and a dispersion 
quantity of the lighting luminance of the optical modulation 
element is Within :x % With respect to a reference value, a 
ratio of an ON resistance value of the p type transistor With 
respect to an ON resistance of the optical modulation 
element is set to be a range from (K+1)1/2~(1—x/100)/K to 
(K+1)1/2-(1+x/100)/K. 

According to the foregoing connection, in the case Where 
the respective resistance values are set as described above, 
When the p type transistor and the optical modulation 
element are conducted and the n type transistor is shut off, 
the poWer consumption of the output inverter and the optical 
modulation element is substantially minimiZed. While, in a 
case Where the optical modulation element is shut off, the 
resistance value becomes suf?ciently large, compared With a 
conducting state of the optical modulation element. Further, 
since the p type transistor is shut off and the n type transistor 
is conducted, a voltage applied to the optical modulation 
element is substantially 0, so that the poWer consumption of 
the output inverter and the optical modulation element is 
small, compared With the conducting state of the optical 
modulation element. Thus, it is possible to reduce the poWer 
consumption of the memory-integrated display element by 
setting the respective resistance value as described above. 

Further, in the structure in Which the output inverter is the 
complementary inverter, the memory-integrated display ele 
ment according to the present invention may be arranged as 
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4 
folloWs. The complementary inverter includes: a p type 
transistor connected to a ?rst poWer line; and an n type 
transistor connected to a second poWer line, and a cathode 
of the optical modulation element is connected to an output 
end of the output inverter, and an anode of the optical 
modulation element is connected to the ?rst poWer line, and 
When a ratio of the OFF resistance value of the p type 
transistor With respect to an ON resistance value of the n 
type transistor is K, and a dispersion quantity of lighting 
luminance of the optical modulation element is Within :x % 
With respect to the reference value, a ratio of an ON 
resistance value of the n type transistor With respect to an 
ON resistance of the optical modulation element is set to be 
a range from (K+1)1/2~(1—x/100)/K to (K+1)1/2-(1+x/100)/K. 
According to the foregoing connection, in the case Where 

the respective resistance values are set as described above, 
When the n type transistor and the optical modulation 
element are conducted and the p type transistor is shut off, 
the poWer consumption of the output inverter and the optical 
modulation element is substantially minimiZed. Further, as 
in the case Where the cathode is connected to the second 
poWer line, the poWer consumption is sufficiently small, 
When the optical modulation element is shut off. Thus, it is 
possible to reduce the poWer consumption of the memory 
integrated display element by setting the respective resis 
tance values as described above. 

For a fuller understanding of the nature and advantages of 
the invention, reference should be made to the ensuing 
detailed description taken in conjunction With the accom 
panying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shoWs one embodiment of the present invention, 
and is a circuit diagram shoWing a structure of an important 
part of a pixel. 

FIG. 2 is a block diagram shoWing an arrangement of an 
important part of a display element Which includes the pixel. 

FIG. 3 is a graph shoWing a time change of a potential 
stored by a memory element in the pixel. 

FIGS. 4A and 4B illustrate circuit diagrams shoWing 
equivalent circuits of the pixel. 

FIG. 5 is a graph shoWing each relation betWeen a poWer 
consumption of the pixel and an OFF resistance value in a 
case Where a ratio of an ON resistance value and the OFF 
resistance value of a TFT is set to be a certain value. 

FIG. 6 is an explanatory draWing shoWing the relationship 
of the parameter alpha (0t) With the ON resistance value and 
the OFF resistance value of the TFT. 

FIG. 7 is a graph shoWing a characteristic of a current left 
in an LED (OLED), in a prior art shoWn in FIG. 21. 

FIG. 8 is a graph shoWing a characteristic of a current left 
in an OLED, in the pixel shoWn in FIG. 1. 

FIG. 9 shoWs a modi?ed example of the embodiment, and 
is a circuit diagram shoWing a structure of an important part 
of a pixel. 

FIG. 10 shoWs another modi?ed example of the 
embodiment, and is a circuit diagram shoWing a structure of 
an important part of a pixel. 

FIG. 11 shoWs still another modi?ed example of the 
embodiment, and is a circuit diagram shoWing a structure of 
an important part of a pixel. 

FIG. 12 shoWs another modi?ed example of the 
embodiment, and is a circuit diagram shoWing a structure of 
an important part of a pixel. 
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FIG. 13 shows still another modi?ed example of the 
embodiment, and is a circuit diagram showing a structure of 
an important part of a pixel. 

FIG. 14 shoWs another modi?ed example of the 
embodiment, and is a circuit diagram shoWing a structure of 
an important part of a pixel. 

FIG. 15 shoWs still another modi?ed example of the 
embodiment, and is a circuit diagram shoWing a structure of 
an important part of a pixel. 

FIG. 16 shoWs another modi?ed example of the 
embodiment, and is a circuit diagram shoWing a structure of 
an important part of a display element. 

FIG. 17 shoWs still another modi?ed example of the 
embodiment, and is a circuit diagram shoWing a structure of 
an important part of adjacent pixels. 

FIG. 18 shoWs a prior art, and is a circuit diagram 
shoWing a structure of an important part of a pixel. 

FIG. 19 shoWs prior art, and is a circuit diagram shoWing 
a structure of an important part of a pixel. 

FIG. 20 is a graph shoWing the change With time of 
potential stored by a memory element, in the prior art pixel. 

FIG. 21 shoWs still another prior art, and is a block 
diagram shoWing a structure of an important part of a pixel. 

DESCRIPTION OF THE EMBODIMENT 

One embodiment of the present invention is described 
based on FIG. 1 to FIG. 17 as folloWs. That is, a display 
element 1 according to the present embodiment is a display 
element in Which an OLED (Organic Light Emission 
Diode), Which functions as an optical modulation element, is 
provided in a matrix manner. As shoWn in FIG. 2, the display 
element 1 includes: plural data lines 2(1) to 2(M) provided 
in parallel to each other; plural select lines 3(1) to 3(N) 
provided so as to cross the data lines 2(1) to 2(M) at right 
angle; pixels 4(1,l) to 4(N,M) provided on crossing points of 
the data lines 2(1) to 2(M) and the select lines 3(1) to 3(N) 
respectively; a column address decoder 5 connected to 
respective data lines 2(1) to 2(M); a roW address decoder 6 
for driving respective select lines 3(1) to 3(N); and a control 
circuit 7 for controlling both the decoders 5 and 6. 

Concretely, as described later, each of the pixels 4(i,j) 
includes a memory circuit 11 (described later), Which stores 
Whether the pixel 4(i,j) is ON or OFF. The memory circuit 
11 is connected via the data line 2(j), to Which the memory 
circuit 11 itself is connected, to the column address decoder 
5, in a select period in Which the roW address decoder 6 is 
applying a potential, Whose select level has been set in 
advance, to the select line 3(i), to Which the memory circuit 
11 itself is connected, and it is possible to access (read and 
Write) the content of the memory circuit 11 from the column 
address decoder 5. Further, it is possible that the memory 
circuit 11 is separated from the data line during a 
non-select period, Which is a period other than a select 
period, and stores a value (ON or OFF) Written in the select 
period, so as to continue to apply the value to the OLED 12 
Which functions as the optical modulation element. 

Here, in a case Where the pixel 4(i,j) does not have the 
memory circuit 11, or in a case Where the pixel 4(i,j) has an 
analog type memory circuit such as a sample hold circuit, as 
shoWn in FIG. 20, a voltage, applied in the select period, 
continues to decline in the non-select period. Thus, even 
though the display state of the pixel 4(i,j) does not change, 
it is required to restore a select potential by selecting the 
pixel 4(i,j), until the decline of the voltage affects the display 
state, for example, until a predetermined cycle comes. As a 
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6 
result, there is such possibility that the number of the 
pixels(i,j), Which should be selected, increases per a unit 
time, and a time (duty ratio), required in selecting one pixel 
4(i,j) per a unit time, declines. 

Unlike the foregoing prior art, since the pixel 4(i,j) 
according to the present embodiment includes the memory 
circuit 11 for storing an ON state or an OFF state, as shoWn 
in FIG. 3, in the non-select period, it is possible to continue 
to store a voltage Which indicates hoW the voltage has been 
applied in the select period. As a result, When the display 
state of the pixel 4(i,j) is not changed, it is not required to 
select the pixel 4(i,j). As a result, even though the display 
element 1 has many pixels and high resolution, it is possible 
to restrict the decline of the duty ratio. Further, since only the 
required part needs reneWing, it is possible to reduce the 
poWer consumption compared With a case Where Writing is 
performed With respect to all the pixels, regardless of 
Whether the display state is changed or not. Note that, 
hereinbeloW, particularly, in a case Where it is not important 
to specify a position in a matrix, for example, arbitrary pixel 
4(i,j) is referred to as a pixel 4. 

Concretely, the pixel 4 according to the present 
embodiment, as shoWn in FIG. 1, includes: a memory circuit 
11 made of a static RAM Which is arranged by connecting 
inverters 11a and 11b, having CMOS structures, to each 
other in a loop manner; and an OLED 12 in Which an anode 
terminal is connected to an output end of the memory circuit 
11, such as an inversion output end (output end of the 
inverter 11a) N1, and a cathode is grounded. Further, an 
input end of the memory circuit 11 (input end of the inverter 
11a) is connected via a select circuit 13 to a data line 2 
corresponding to the pixel 4, and it is possible to apply a data 
potential Vd of the data line 2 When the select circuit is 
conducted. The select circuit 13 is made of, for example, a 
thin ?lm transistor (TFT) etc., and conduction/cutoff of the 
select circuit 13 is controlled by a select signal SEL Which 
is applied by the select line 3 corresponding to the pixel 4. 
The inverter 11a is made of a p type TFTp1 and an n type 

TFTn2, both of Which complement each other, and gates of 
both the TFTp1 and TFTn2, Which function as an input end, 
are connected to the select circuit 13, and drains of both the 
TFTp1 and TFTn2, Which function as an output end, are 
connected to the inverter 11b of the folloWing stage. Further, 
a source of the TFTp1 is connected to a poWer line (?rst 
poWer line) Lr, to Which a predetermined reference potential 
Vref [V] is applied, and a source of the TFTn2 is connected 
to a ground line (second poWer line) Lg. 

While, also the inverter 11b of the folloWing stage, Which 
is connected to the inverter 11a in cascade, is made of a p 
type TFTp3 and an n type TFTn4, both of Which comple 
ment each other, and gates of both the TFTp3 and TFTn4, 
Which function as an input end, are connected to the output 
end of the inverter 11a (drains of the TFTp1 and the 
TFTn2 ), and drains of both the TFTp3 and TFTn4, Which 
function as an output end, are returned to the input end of the 
inverter 11a (gates of the TFTp1 and the TFTn2 Note that, 
sources of the TFTp3 and the TFTn4 are connected to the 
poWer line Lr and the ground line Lg, as in the inverter 11a. 

Note that, in the arrangement of FIG. 1, since the OLED 
12 is connected to the output end N1 of the inverter 11a, the 
inverter 11a corresponds to an output inverter recited in 
claims. Further, the TFTp1 of the inverter 11a corresponds 
to a p type transistor, and the TFTn2 corresponds to an n type 
transistor and electric charge emitting means. 

According to the present embodiment, for example, the 
OLED 12 and the memory circuit 11 are formed Within a 




















